perature region of the differential scanning calorimetric curve. Based on the characteristic differences in the peak size, shape, and position, it was also possible to make a distinction between lard and beef tallow contaminations in sunflower oil.
INTRODUCTION
Sunflower oil is among the most used vegetable oils in the world. It is usually classified as polyunsaturated oil due to its high content of unsaturated fatty acids, of which more than 65% constitutes linoleic acids. [1, 2] As a polyunsaturated oil, it might have a tendency to undergo oxidation quickly when it is used for industrial frying. Often this might lead to off-flavor development in fried-products prepared using sunflower oil. Owing to this situation, the fast food sector involved in the manufacture of fried products may tend to add animal tallow as an additive to increase the stability of sunflower oil. In addition, animal tallow would be mixed with sunflower oil for flavor enhancement purposes. In fact, mixing of a small amount of tallow with vegetable oils may help to increase the bland flavor in fried-food products.
In the past, lard and tallow were used to mix with vegetable oils for the purpose of development of new products. Seriburi and Akoh [3] attempted to incorporate lard into sunflower oil with the objective of producing a plastic shortening with a specific solid content profile. Similarly, sunflower oil blending with beef tallow was carried out to prepare shortenings with special properties. [4] However, the mixing of animal fats with plant oils may not be desirable due to religious restriction and negative nutritional perception regarding the consumption of animal fats. Hence, there has been much effort for detection of animal fats in food systems. The objective of this study was to assess the sensitivity of a differential scanning calorimetric (DSC) heating thermogram for different animal fats present as adulterants and/or contaminants in sunflower oil.
MATERIALS AND METHODS

Materials and Chemicals
Sunflower oil (SFO) sample was purchased from a super market. Lard (LD), beef tallow (BT), and chicken fat (CF) were extracted using adipose tissues of animals collected from local slaughter houses according to the method reported previously by Marikkar et al. [5] All chemicals used in this experiment were of analytical or HPLC grade.
Blend Preparations
SFO and animal fats, namely LD, CF, and BT, were mixed in proportions ranging from 1 to 10% animal fat in 1% increments (w/w) and from 10 to 20% animal fat in 5% increments (w/w).
Determination of Triacyl-Glycerol (TAG) Distribution of Oil Samples
The system used was a Waters Model 510 liquid chromatograph equipped with a differential refractometer Model 410 as the detector (Waters Associates, Milford, MA, USA). The TAG separation was performed on a LiChroCART 100-RP-18 (5 µm) column (12.5 cm × 4 mm i.d.; Merck, Darmstadt, Germany). The mobile phase was a mixture of acetone-acetonitrile (63.5:36.5) and the flow rate was 1 ml/min at 30 • C. The injector volume was 10 µl of 5% (w/w) oil dissolved in chloroform. Sensitivity of the detector was adjusted to 16 × 10 4 RI units. Each sample was chromatographed two times, and the data were reported as percentage areas. [6] The TAG peak identification of SFO and its contaminated mixtures were done according to the previous TAG peak assignments by Tan and Che Man. [7] 
DSC Thermal Analysis
For thermal analysis, a Perkin-Elmer differential scanning calorimeter equipped with a thermal analysis data station (Pyris-Diamond model; Perkin-Elmer Corp., Norwalk, CT, USA) was used. Nitrogen (99.999% purity) was used as the purge gas at a rate of ∼20 mL/min. A portion of 6-8 mg of melted sample was placed in a standard DSC aluminum pan and then hermetically sealed. An empty and hermetically sealed DSC aluminum pan was used as a reference. The DSC heating measurements were performed on each sample as follows: isotherm at −100 • C for 2 min, heated from −100 to 50 • C at a rate of 5 • C/min. [8] Prior to the measurements, the instrument was calibrated with a standard sample of indium.
Statistical Analysis
The SAS/STAT Version 9.2 (SAS, Cary, NC, USA) was used for stepwise multiple linear regression analysis as well as for one-way analysis of variance (ANOVA). [9] The significance level of an independent variable for entry and stay in the calibration model was set to 0.15 during execution of the stepwise variable selection in SAS procedure "REG." The relationships between LD (%) and each of the individual DSC parameters were determined by Pearson's correlation analysis.
RESULTS AND DISCUSSION
Effect of Animal Fat Contaminations on the TAG Distributional Profile of SFO
Changes by animal fat contaminations on the TAG distributional profile of sunflower oil could be seen from the data presented in Table 1 . For the sake of brevity, only the changes occurring at 20% contamination level has been presented. The uncontaminated sample of SFO is found to contain 28.6% monosaturates (SUU) (PLL, POL, SLL, POO, SOL) and 68.5% of triunsaturates (UUU) (LLLn, LLL, OLL, OOL). On the other hand, animal fats, such as LD and BT, are found to contain relatively higher proportions of saturated TAG molecules as reported by previous workers. [10, 11] LD was found to possess higher proportions of disaturates and monosaturates while BT was reported to contain a considerable amount of disaturates and trisaturates. [8] Therefore, once sunflower oil was contaminated with these animal fats, new groups of TAG molecules with di (SSU) and trisaurated (SSS) fatty acids could be introduced into the system. According to the data presented in Table 1 , all three animal fats caused significant (p < 0.05) reductions in the proportion of the major TAG molecular species, LLL, OLL, and OOL, which are represented by Peak-2, Peak-3, and Peak-4, respectively. These are, in fact, the most dominant TAG molecular species present in the uncontaminated sample (Table 1 ). However, the TAG peaks that were experiencing proportional increases were varied depending on the type of animal fat. When LD caused significant (p < 0.05) increases in Peak-7, Peak-9 (POO/SOL), Peak-10 (PPO), Peak-11 (PPP), and peak-12, BT was found to cause increases in Peak-9 (POO/SOL), Peak-10 (PPO), Peak-11 (PPP), Peak-13, Peak-15 (POS), and Peak-16 (PPS). Overall, there was an increase in the saturated TAG molecular species with the concurrent decrease in the triunsaturates and diunsaturates by these two animal fats. On the other hand, once SFO was subjected to 20% contamination by CF, significant changes were noticed in the proportion of TAG molecular species, such as POO/SOL, PPO, PPP, Peak-13, and Peak-15 (POS). Particularly, the diunsaturated TAG groups were more strongly influenced by CF than those of the TAG molecules belonging to the disaturated group. These differences could be mainly due to the different type of TAG distributional pattern that existed in CF. For instance; the proportions of diunsaturated TAG molecules, such as LOO and POO in CF, were much higher [12] and likewise, the proportion of POS in CF was much lower than that of LD. [11] 
Effect of Animal Fat Contaminations on the DSC Heating Curve of SFO
The DSC melting profiles of SFO and samples of SFO contaminated with BT, CF, and LD are displayed in Figs. 1a-1c in the respective order. The curve A in Fig. 1a , representing the uncontaminated sample of SFO, is found to display two distinct endothermic transitions at −39.0 and −25.1 • C. The transition at −25.1 • C was associated with a smaller shoulder peak appearing at −8 • C. It could be very clear that the temperature region from −5.5 to 50 • C of the heating curve A is found to exist without any significant thermal transitions. According to previous reports, the DSC melting cure of canola oil (CLO) was also found to have a similar feature-the temperature region from −5.5 to 50 • C remained without any thermal transitions. Non existence of a significant proportion of higher melting TAG molecules in CLO was attributed as a probable reason for this phenomenon. [8] Likewise, SFO is also 'soft' oil without much higher melting saturated TAG molecular species. According to Table 1 , it is largely composed of TAG molecules that are esterified with oleic, linoleic, and linolenic acids. Once it was contaminated with different animal fats, SFO experienced a significant change in its TAG composition as shown in Table 1 . As a consequence, the thermal behavior of the resulting oil mixture as monitored by DSC would be different from that of the original sample. The way each animal fat influences the melting curve of the original sample could differ based on the differences in their TAG compositions. As it can be seen from Figs. 1a-1c , the changes caused by each animal fat in the melting profile of SFO varied significantly. Among the thermal transitions of the uncontaminated sample of SFO, the shoulder peak at −8.0 • C was found to be sensitive to compositional changes caused by animal fats contamination. The addition of BT into SFO has increased this peak only slightly (Fig. 1a ) while the addition of both LD and CF increased this peak more strongly (Figs. 1c and 1b) .
Since the contamination of BT in SFO could introduce PPP, POS, and PPS in SFO mixture, there would be significant increases in the proportion of the higher melting components, such as disaturates and trisaturates, in the contaminated oil samples. This could bring about a significant change in the melting behavior of the samples. According to the data given in Table 2 , contamination of SFO by BT has given rise to the appearance of a broad doublet peak (in the range of 8 to 43 • C), whose size is found to increase with the increasing proportion of the BT. Statistical analysis of the data showed that a good correlation (r = +0.998; p < 0.0001) existed between the peak area and the proportion of BT in the oil blend. Similarly, contamination of SFO by LD could also bring about changes in the melting curve of SFO. The data presented in Table 3 showed that the contaminant peak corresponding to LD was a sharp singlet, whose area was also found to increase with the increasing proportion of LD (r = +0.988; p < 0.0001). Unlike the case of BT in SFO, the peak corresponding to LD might not be seen at contamination levels below 8% (w/w). This could be probably due to the fact that the nature of influence on the thermal behavior brought by each animal fat would be different based on their TAG compositional distributions.
The results of the present study obtained for SFO agrees well with the previous findings reported for CLO. [8] When CLO was contaminated with LD, BT, and CF, the temperature region of DSC heating thermogram of CLO in between −5.5 to 50 • C was sensitive enough to distinguish lard and beef tallow contaminations. In the case of CLO, the peak corresponding to LD contamination appeared as a sharp singlet, while that corresponding to BT contamination appeared as a broad doublet. Meanwhile, CF contaminations in CLO up to a 20% level did not cause any significant thermal transition in this region of the DSC curve. As a common feature, the positions of the LD contaminant peaks in both SFO and CLO were found to shift with the increasing proportion of LD in the contaminated samples ( Table 4 ). The variable nature of the LD contaminant peak in Fig. 1c could be better viewed by rescaling the higher temperature region of the DSC curve extending from −5.5 to 50 • C (Fig. 1d ). According to the data presented in Table 4 , there is a close comparison between SFO and CLO with regard to the positions of LD contaminant peaks.
Predictive Model for Quantification of LD Contamination in SFO
In addition to the peak temperature, other parameters, such as peak area (A), peak height (HT), and peak onset (ON), can be obtained from Fig. 1d by making use of the data handling options available in the DSC software. Since there is a linear variation between Table 4 Comparison of lard (LD) contaminant peak positions in sunflower and canola oils. LD peak position ( • C) LD (%) SFO CLO [8] each of the DSC parameters and the LD content (%) of the samples, they could be statistically analyzed to establish a correlation between them. The Pearson correlation coefficients between LD content (%) and each of the individual DSC parameters indicated that a strong correlationship has existed (Table 5 ). Hence, they were used as independent variables for the execution of the stepwise multiple linear regression (SMLR) procedure to obtain a predictive model for the quantitative estimation of LD content (%) in the samples. The outcome of the SMLR procedure is summarized in Table 6 . It is clear that the R 2 value is found to increase by 0.0062 after variable ON has been entered into the model (Table 6 ).
Since the variable HT could not meet the 0.1500 significance level, it could not find entry into the predictive model.
CONCLUSIONS
This study demonstrated the potential use of the DSC melting curve in detecting the contamination of sunflower oil by different animal fats. The DSC melting curve region of SFO from 0 to 50 • C was found to be sensitive to the TAG compositional changes caused by different animal fats. While the changes caused by BT in thermal profiles could even be seen at a 2% level, the changes due to LD could be seen only after an 8% level. Based on the characteristic shape, size, and position of the contaminant peaks, it was possible to distinguish lard contamination from other animal fat contaminations in SFO.
